Background and Objective: Preoccupation (attentional bias) related to drug-related stimuli has been consistently observed for drugdependent persons with several studies reporting an association of the magnitude of measured attentional bias with treatment outcomes. The major goal of the present study was to determine if pre-treatment attentional bias to personal drug use reminders in an addiction Stroop task predicts relapse in treatment-seeking, cocaine-dependent subjects. Methods: We sought to maximize the potential of attentional bias as a marker of risk for relapse by incorporating individualized rather than generalized drug use cues to reflect the personal conditioned associations that form the incentive motivation properties of drug cues in a sample of cocaine-dependent subjects (N ¼ 35). Results: Although a significant group Stroop interference effect was present for drug versus neutral stimuli (ie, attentional bias), the level of attentional bias for cocaine-use words was not predictive of eventual relapse in this sample (d ¼ .56). A similar lack of prediction power was observed for a non-drug counting word Stroop task as a significant interference effect was detected but did not predict relapse outcomes (d ¼ .40). Conclusions and Scientific Significance: The results of the present study do not provide clear support for the predictive value of individual variation in drug-related attentional bias to forecast probability of relapse in cocaine-dependent men. (Am J Addict 2014;XX:1-7)
INTRODUCTION
Drug addiction is characterized by pathological learned associations and strongly consolidated memories of drug use. Learned associations of drug use with the exteroceptive (eg, people, places) and interoceptive (eg, mood states) contexts of often ritualized drug abuse render these contexts as having conditioned incentive salience. 1, 2 Due to their acquired properties as incentive motivational stimuli, attentional responses to such conditioned drug use cues represent powerful precipitants of drug seeking and use behaviors in drug-addicted individuals. 3 Typically assessed by their cognitive interference effect on ongoing task performance, an attentional bias for drug use cues has been observed for alcohol, 4 ,5 nicotine, 6,7 marijuana, 8 heroin, 9 and cocaine [10] [11] [12] [13] stimuli. These collective findings indicate that an attentional bias for conditioned drug cues represents a general feature of drug addiction. The level of attentional bias for drug cues, and their associated neural responses, 14, 15 represent candidate neurocognitive markers of drug dependence.
The significance of attentional bias to the addiction process is further heightened by the observations that the level of attentional bias for drug stimuli predicts motivation for drug use, relapse and treatment outcome in drug-abusing populations for heroin, 16, 17 alcohol, 18, 19 and nicotine 7, 15 stimuli. Additionally, adolescents at-risk for alcohol use disorders exhibit a significant attentional bias for alcohol-related stimuli. 20 For cocaine abusers, the level of attentional bias was significantly correlated with the magnitude of self-rated drug craving 10 and drug-seeking behavior, 4 and predicted the frequency of cocaine use lapses and treatment duration. 11 These findings suggest that measures of attentional bias for drug cues have further significance as a cognitive marker of risk of relapse. We sought in this study to further assess the relationship between level of attentional bias for cocaine use cues and treatment outcome in a sample of treatment-seeking, cocaine-dependent men.
Attentional bias for drug-related stimuli has been estimated using visual probe tasks, which directly assess the effects of drug cues on attentional orientation, 8 and, more frequently, Stroop tasks, 21 which assess cognitive interference when the processing of a task-irrelevant stimulus feature interferes with the simultaneous processing of a task-relevant stimulus attribute. 22 The majority of the Stroop tasks that incorporate drug use cues (addiction Stroop tasks) share several featuresthe use of generalized drug use stimuli to facilitate stimulus control and the grouping of stimulus types (ie, drug, neutral) in blocks to minimize carryover effects. 21 The cocaine Stroop task (cocStroop) used in the present study deviated from this pattern by the use of personalized, rather than generalized, drug stimuli to respect the fact that the associative learning underlying drug cue conditioning is highly individually variable, and thus to potentially enhance the incentive salience of the drug cues. Furthermore, a random, rather than blocked design of stimulus presentation was used to specifically assess the carryover effect between drug and neutral stimuli as a further measure of the property of problems of attentional disengagement attributed to the attentional bias effect in persons with drug use disorders, 23 and to avoid habituation effects. Finally, the level of cognitive interference for nondrug stimuli in a classical color Stroop task discriminated cocaine-dependent individuals who completed versus did not complete a treatment trial, suggesting that level of global cognitive control ability predicted treatment retention. 24 We therefore compared the ability of the level of cognitive interference for drug stimuli (cocStroop) versus non-drug stimuli (cStroop) for a counting word Stroop task to predict treatment outcome in the same sample of cocaine-dependent subjects. This study tested the hypotheses that personalized drug stimuli are associated with significant attentional bias in cocaine-dependent individuals, and that the relationship between the level of attentional bias and relapse and treatment retention is stronger for drug stimuli versus non-drug stimuli in the cocStroop task.
METHODS

Study Participants
Thirty-five male adult cocaine-dependent individuals participated in this study (Table 1 ). All study subjects provided written informed consent to participate in a research protocol approved by the Emory University Institutional Review Board and the Atlanta Veteran's Administration Medical Center (VAMC) Research and Development Committee. Eligible subjects were cocaine-dependent men between 18 and 65 years of age and met the Diagnostic and Statistical Manual of Mental Disorders-Fourth Edition (DSM-IV) criteria for diagnosis of cocaine dependence. Potential subjects were excluded for any current Axis I diagnosis other than cocaine or alcohol dependence or nicotine use, current or prior neurological disease, history of a major medical illness, or current use of psychotropic medications.
Treatment Program
The study was conducted in the Substance Abuse Treatment Program (SATP) at the Atlanta, GA VAMC. The outpatient treatment program consisted primarily of 3-or 5-day weekly sessions of 12-step recovery in a group setting. Following the initial 4 weeks of treatment, subjects could opt to continue voluntary treatment in the Aftercare portion in which subjects could receive weekly group therapy sessions; 16 of 20 nonrelapsers and 6 of 15 relapsers opted for Aftercare. Drug abstinence was assessed by urinalysis for cocaine and its metabolites, and other drugs of abuse, at random time points twice weekly over the first 4 weeks of active treatment, and weekly in the Aftercare component. Relapse was defined as a documented use of cocaine as determined by urinalysis and/or self-report or other-report as entered in the electronic medical records (EMR) entries for each subject. Subjects were actively followed for a period of 90 days from study enrollment to include active treatment and long-term follow-up.
Assessment Instruments
All study-eligible subjects were evaluated using the Structured Clinical Interview for DSM IV Axis-I Disorders (SCID) 25 to assess the presence of current psychiatric disorders, the addiction severity index (ASI) 26 to assess the severity of addiction-related functional impairment, and the Connors Adult ADHD Rating Scale (CAARS) 27 to assess the severity of ADHD traits. Demographic information (eg, age, education) was collected from study participants using a studyspecific data collection instrument. All assessments were completed at the initial screening visit.
Stroop Tasks
In this study, we utilized a word counting Stroop task that incorporated words representing personal drug use reminders (cocStroop task). All subjects at study entry identified eight cocaine cue words that were associated with their personal drug craving and use. The cocStroop task comprised eight personal cocaine-related (CSþ) words (eg, money, stem) and drug useneutral (CSÀ) words (eg, shelf, table). The counting Stroop (cStroop) was comprised of congruent stimuli in which the number and name of the words are the same and incongruent stimuli in which they differ. 28 The cStroop served as a measure of global cognitive control ability relative to that specifically engaged by cocaine stimuli in the cocStroop task. For each of the tasks, a trial involved the presentation of 1-4 identical words in a vertical array ( Fig. 1 ) with instructions to indicate by button press, on a 4-button response pad, the numbers of words represented. Subjects were instructed to respond as quickly as possible. Each Stroop task involved 89 word counting trials in which 33 of the words were cocaine-related (cocStroop) or incongruent (cStroop) word stimuli presented for 750 ms with an interstimulus interval of 3 seconds, during which time the participants had to register a response by button press. Task training prior to data acquisition involved repeated trials of the cStroop task. The cStroop task was completed first followed by the cocStroop task. Word stimulus trials for both Stroop tasks were presented in a random order with a run consisting of 178 words (total run time ¼ 11 minutes). Behavioral measures of reaction time (RT) and response accuracy were collected for each task trial at the initial screening or study baseline.
Personalized Versus Generalized Drug Use Words
In this study, the addiction counting Stroop task (cocStroop) utilized personal drug use-related words instead of a generalized word list. Previous studies that have utilized modified Stroop tasks have relied on general drug use-related words for example 11, 12, 29, 30 ; however, this study used personalized drug use reminders as they are more representative of the individualized context-specific nature of learned drug associations. Eight drug use-related words were generated from each participant by using a cocaine cue word generator in which subjects disclosed their personal triggers associated with patterns of drug seeking and use behaviors.
Statistical Analyses Stroop Tasks Processing
The mean reaction time (ms) was calculated for correct responses for each stimulus trial. Incorrect responses for stimulus trials were removed.
Continuous data were analyzed using analysis of variances (ANOVAs). Kruskal-Wallis tests were used when the respective data set violated assumptions of distribution normality or homogeneity of variance. Paired t-tests were also performed to assess differences in mean reaction times between neutral and drug-use related words in the cocStroop task and between congruent and incongruent stimuli in the cStroop task among all subjects. Carry-over effects (ie, the effect of one trial "carries over" to the next trial) were calculated and analyzed by paired t-test for the following successive trial pairs: cocaine_neutral > neutral_neutral, and incongruent_congruent > congruent_congruent. Percent accuracy was also determined for responses for both Stroop tasks. Logistic regression was used to determine if the magnitude of the Stroop interference effect predicted relapse in cocainedependent subjects. Analyses employed the Statistical Analysis System (SAS) Version 9.2.
RESULTS
Subject Demographic and Clinical Variables
Subjects reported using crack cocaine an average of 1.09 (AE1.46) and 14.2 (AE8.08) days in the past 7 and 30 days, respectively. All subjects were male with 98% of the subjects self-reporting African-American as their racial background. Subjects were classified as nonrelapsers if they did not relapse to cocaine use in the 0-90 days treatment and follow-up periods. Within this subset of 35 treatment-seeking, cocainedependent subjects, 20 were classified as non-relapsers and 15 as relapsers. Relapsers and nonrelapsers did not differ in any of the baseline measured variables including age, education, and cocaine use patterns. However, the two groups did exhibit significant differences on the CAARS subscale for DSM-IV inattentive symptoms (p ¼ .031), and for the ASI psychiatric (p ¼ .024) and alcohol (p ¼ .049) subscales (Table 1) ; with relapsers exhibiting greater subscale scores for each measure. Non-relapsers also had significantly greater treatment retention (days in treatment) as compared to relapsers (p ¼ .012) ( Table 1) .
Logistic Regression
A logistic regression analysis was used to predict the odds of relapse over the 90-day study period in this sample of cocainedependent subjects. Two Stroop task models (interference effect: cStroop and cocStroop) were compared to assess their relative ability to predict relapse in this sample. 
Task Performance Attentional Bias for Conditioned Drug Cues
Of the drug use-related words provided by the 35 study participants, only 33 (18%) were shared by two or more participants while 155 were unique to individuals. The most frequently provided words (ie, money, sex, and smoke) accounted for 14%, 6%, and 6% of the words, respectively. Analyses of the personalized drug use-related words determined that the order of presentation of drug use-related words and the reaction times for individual drug use-reminder words (eg, money vs. sex) were not significant within subjects. As a group, cocaine-dependent men exhibited a significant increase (p < .005) in reaction time for personal drug use-related words (928.6 AE 160.0 ms) versus neutral words (897.2 AE 132.5 ms) for the cocStroop task (Fig. 2) . The mean attentional bias effect for the group was 31.4 AE 62.2 ms, with evidence of wide interindividual variability reflected in a range of 153 to À103 ms. Relapsers and non-relapsers did not exhibit a significant difference (p ¼ .054, one-tailed; d ¼ .56) in reaction time to cocaine use-related words versus neutral words; however, the group comparison approached statistical significance. The group of individuals who relapsed did have higher mean attentional bias effects for drug cues (51.0 AE 67.2 ms) relative to the group of non-relapsers (16.7 AE 55.5 ms). Response accuracy across all subjects was 94.9% (AE6.8) with no significant difference between groups. An analysis of carryover effects related to the processing of cocaine use word stimuli indicated that reaction times for the processing of neutral words preceded by cocaine use-related words (p < .019) were significantly longer than for neutral words preceded by neutral words. A subsequent t-test of the relapse groups, controlling for the carryover effect of drug use stimuli, did not demonstrate a significant difference (p ¼ .076, onetailed; d ¼ .49) in attentional bias effect for relapsers (55.1 AE 75.9 ms) versus non-relapsers (23.2 AE 53.3 ms).
Counting Stroop
For the cStroop task, subjects had significantly longer reaction times (p < .0001) on incongruent stimuli (967.9 AE 147.4) versus congruent stimuli (859.0 AE 133.7; Fig. 3 ). There was no significant difference in response times for incongruent versus congruent stimuli between the groups of relapsers (123.2 AE 61.2) and non-relapsers (98.1 AE 64.5) (p ¼ .126; d ¼ .40). Response accuracy across all subjects was 95.2% (AE6.83) with no significant difference between groups. For the cStroop task, the carryover analysis revealed that reaction times were not significantly greater for congruent stimuli preceded by incongruent stimuli versus congruent stimuli preceded by congruent stimuli (p ¼ .208).
DISCUSSION
This study sought to assess whether the level of pretreatment attentional bias predicts relapse in a treatmentseeking, cocaine-dependent, adult male population. A prior study reported that level of pre-treatment attentional bias predicted a binary measure of relapse in opiate-dependent subjects 16 ; however, abstinence was based solely on self-report and was not confirmed by urinalyses. Other studies have noted that the level of attentional bias for drug-use related stimuli is associated with the magnitude of cocaine and heroin craving, 10, 31 and proportion of cocaine positive urines.
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These treatment outcome studies suggest that attentional bias for drug-related cues could precipitate drug taking or relapse following treatment. This relationship is consistent with a recent Ecological Momentary Assessment study that demonstrated that elevated attentional bias predicted drug use temptation episodes for heroin-dependent adults. 17 As previously demonstrated for addiction Stroop tasks incorporating generalized drug-related stimuli, [10] [11] [12] [13] 31 the present results indicate that cocaine-dependent subjects exhibit a robust attentional bias effect for personalized drug-use related stimuli. However, though subjects exhibited a significant attentional bias for personal drug-use reminders, this variable did not significantly predict relapse group membership in this sample.
In a drug-unrelated color Stroop task, the level of performance interference by incongruent stimuli predicted treatment completion in a sample of cocaine-dependent individuals. 24 A similar observation was also seen in which neural responses to a cognitive control demand posed by the same Stroop task predicted clinically relevant outcomes such as treatment retention. 32 Both studies suggest that variation in general cognitive control ability, rather than acquired incentive motivational or other properties of drug-related stimuli that underlie their attentional bias effect, is predictive of clinical treatment outcomes for drug-dependent individuals. This contention is not supported by the findings of the present study as both eventual relapsers and non-relapsers exhibited a comparable cognitive interference effect related to incongruent stimuli in the cStroop task. This outcome does support the contention that risk for relapse is not attributable to global deficits in cognitive control associated with cocaine dependence. 33, 34 Furthermore, logistic regression analysis did not support the value of attentional bias as a cognitive marker of risk for relapse in a sample of cocaine-dependent men.
Cocaine use words also exhibited a significant carryover effect on subsequent neutral stimulus trials for the cocStroop task, a finding consistent with the contention that the attentional bias effect is attributable to difficulty in disengaging attention from drug use reminders. 23 It is also plausible that the motivational salience of the preceding cocaine-use word could hinder task performance on a following neutral word stimulus.
There are plausible reasons as to why attentional bias may be a valid cognitive marker of drug dependence, but have more limited value as a marker of treatment outcome. Multiple and varying factors contribute to temporally extended incidences of relapse in treatment-seeking drugdependent populations, and thus to the ability of a baseline measure to predict relapse. The varying experiences of psychological or social stressors (eg, negative affect state, interpersonal problems, craving) as well as environmental factors (eg, presence and/or availability of drug, competing cognitive demands) undoubtedly contribute to individually varying rates of relapse over time. Variation in individual traits (eg, compulsivity, genotype) also contributes to variation in relapse rates. Paralleling research outcomes indicate that these variables (ie, compulsivity, incentives for drug abstinence, drug expectancy, drug cue complexity, cognitive load, and drug use status) also modulate attentional bias and drug cue reactivity, 14, 30, [35] [36] [37] [38] Measures of cognitive bias for drug cues have poor internal consistency and thus may not represent reliable markers of relapse risk, particularly for non-blocked stimuli as was used in the present study. 39 Therefore, the multidetermined nature of attentional bias in drug use disorders 40 supports individual and temporal variation in the ability to predict future drug use and treatment outcomes. Perhaps the level of attentional bias has a time-limited value as a cognitive marker of risk for relapse. This contention is supported by a recent short-term (1 week) ecological momentary analysis study of heroindependent individuals in which drug attentional bias effects were related to relapse during temptation-related but not random assessments. 41 Finally, not all studies support an ability of attentional bias to predict treatment outcome. 42 In this treatment study, personalized drug use-related words were used in a modified addiction Stroop task. However, the majority of drug addiction studies utilize one of several available lists of drug use-related words for addiction Stroop tasks. Although generalized word lists have task advantages such as the ability to lexically standardize drug and neutral words to presumably isolate the attentional response to the addiction relatedness of the drug use-related word stimuli, 21 this study opted for personalized drug-use words to similarly enhance their addiction relatedness for each subject based on their individually differing learned associations with drug use. Indeed, in this study, 82% of the drug-use related words were unique to subjects.
The study design does have clear limitations that temper the number of meaningful conclusions to be drawn. As personalized and generalized drug use words were not directly compared it remains unknown as to whether drug cues reflecting personal learned associations with drug use represent comparable or superior measures of attentional bias effect. Such a methods development study would be worthwhile to future efforts to develop attentional bias as a possible cognitive marker of drug dependence or treatment outcome. It is also worth noting that the main outcome variable of the study was drug use abstinence or not among the study population; however, relapse can be quantified and defined numerous ways (eg, proportion of negative urines, etc.), which may affect the observed attentional bias-treatment outcome relationship. The drug use and neutral word stimuli were clearly not matched for the possible confounds of familiarity or frequency of use in the English language, though this is rarely attained or relevant in case-control studies of attentional bias related to addiction and word familiarity is independent from attentional bias in addiction Stroop tasks. 43 The drug use and neutral words were also not matched for lexical properties. Blocked stimulus designs are generally thought to be preferable to the nonblocked design used here to control for deficits in attentional engagement to drug cues associated with drug dependence. Indeed, significant carryover effects for drug stimuli on task reaction times were observed. The present study also lacked a control group of healthy comparison subjects of possible value to characterizing the impact of cocaine dependence of cStroop task performance. Perhaps most importantly, our findings are also limited by the relatively small sample size which might have reduced the power to detect the predictive relationship between attentional bias and subsequent relapse.
CONCLUSION
Attentional bias for drug-related stimuli constitutes a clinically relevant candidate neurocognitive marker of drug dependence.
14 The use of personalized versus generalized drug use-related words in a counting word Stroop task was associated with a significant interference effect relative to drug-neutral words (ie, attentional bias). The results of the present study do not support the predictive value of individual variation in attentional bias to forecast probability of relapse in treatment-engaged, cocaine-dependent men.
